A physically active 29-year-old woman presented to the emergency department with left foot pain and decreased great toe function. She had heard a single ''pop'' in her left foot while walking on her treadmill earlier that morning. On examination, her pain was centred at the interphalangeal joint of her left hallux. Active flexion of her left great toe was absent, and a neurologic examination was normal. An orthopaedic surgery consultation was obtained, and magnetic resonance imaging (MRI) (Figures 1 and 2) was performed on the same day.
Diagnosis
Partial tear of flexor hallicus longus (FHL) tendon distal to the master knot of Henry.
Radiologic and Surgical Findings
MRI examination was performed, including sagittal turbo-spin echoT2 ( Figure 1A) , and coronal (short axis) proton density fat saturated ( Figure 1B) images. The sagittal T2 and coronal (short axis) proton density fat saturated images ( Figure 1, A and B ) display fluid in the FHL tendon sheath at the level of the first metatarsal-phalangeal joint.
The sagittal longitudinal image also shows the proximal tendon to be thinned and slightly redundant in its course because of partial tendon retraction. The coronal image shows high signal in the FHL tendon sheath, in keeping with a tendon tear and fluid in the tendon sheath.
Surgical repair was performed 1 month later. At surgery, the FHL tendon was mobilized distal to the master knot of Henry, where it was found to be quite scarred down and significantly attenuated, most in keeping with a healing highgrade partial tear. The FHL tendon was surgically shortened by approximately 1 cm and reanastomosed at the level of the master knot of Henry, thus restoring the tension in the flexor tendon. It was thought that operative reconstruction was reasonable because of the patient's high level of activity.
Discussion
Tears or complete ruptures of the FHL tendon are not uncommon and are seen in athletes and more particularly in ballet dancers. It is this frequent association with dance, which produces ''dancer's tendinitis,'' that has given the FHL the nickname ''the dancer's Achilles heel'' [1] . This chronic injury to the tendon is typically located posterior to the medial malleolus because of repetitive active plantar flexion of the foot against resistance [2] .
Although less common, tears distal to the master knot of Henry are also potentially disabling and are more telling of an acute condition. Rupture of the distal tendon occurs with hyperextension of the great toe (dorsiflexion), which results in the impairment of active flexion and acute onset of pain [3] . Clinically, the location of such a rupture is not easily predicted and may require imaging investigations when pain primarily is more distally in the foot and away from the medial malleolus [4] .
The FHL muscle arises mainly from the distal two-thirds of the posterior fibula. The FHL tendon descends through the tarsal tunnel lateral to the tibialis posterior and flexor digitorum longus (FDL) tendons. After passing below the sustentaculum tali of the calcaneus, the FHL tendon crosses from lateral to medial, over the dorsal surface of the FDL tendon ( Figure 2 ) [5] . At this intersection, the 2 tendons are enclosed and bound to the vault of the foot's arch by a common tendon sheath, known as the master knot of Henry ( Figure 2 ) [6] . Slightly distal to the master knot, the lateral aspect of the FHL tendon produces an interconnecting tendon (ICT) that attaches to the FDL tendon [7, 8] . The FHL then courses across the plantar surface of the foot and inserts itself at the distal phalanx of the great toe [7] . The FHL, therefore, functions to flex at the interphalangeal (IP) joint of the hallux and also assists in plantar flexion of the foot [3] .
Disruption distal to the master knot of Henry commonly occurs in the area of the tendon's insertion at the base of the distal phalanx but may also occur anywhere along its plantar course [4, 6, 8] . Tensile forces on the tendon at the master knot of Henry are greatest when the toe is maximally dorsiflexed, especially when the foot is also dorsiflexed [5, 7] . Clinical presentation of acute FHL tendon injury is often characterized by medial foot pain and loss of active flexion at the IP joint of the great toe. Flexion of the great toe will be affected to varying degrees, depending on the grade of the tear and its location [8] .
Under MRI evaluation, tendon tears can be characterized as either partially disrupted with bulbous, hypertrophic segments and numerous microtears (grade 1), partially disrupted with severe attenuation (grade 2), or completely disrupted with retraction of the tendon's torn ends (grade 3) [7] . Injuries of a chronic nature more likely display hypertrophy and diffuse thickening of the tendon in addition to tenosynovitis that may also be present. Triggering (hallux saltans) can be seen after a grade 1, or even a well-healed grade 2, FHL tear. This, however, is seen with more proximal injuries when a chronically hypertrophied tendon segment catches on either side of the fibro-osseous tunnel behind the medial malleolus [9] .
Acute, closed, atraumatic rupture implies failure of the tendon under tension [6] . Irrespective of location, spontaneous rupture does not occur in normal healthy tendons [7, 10] . As such, a degree of histologic degenerative change (eg, hypoxic, mucoid, calcific) that compromises the structural integrity of the tendon is considered implicit when spontaneous rupture occurs [10] . This subclinical degenerative tendinosis reduces tensile strength and predisposes the tendon to rupture [7] .
Distal to the master knot of Henry, rupture may occur anywhere up to the musculotendinous insertion, with varying degrees of tendon retraction [8] . The anatomic location of the small ICT plays an important role in determining the degree of retraction. Being that the ICT bridges the FHL to the FDL, complete FHL disruption distal to the ICT results in limited proximal tendon retraction, because the intact ICT still anchors the torn tendon in its place. This potential limitation of retraction is analogous to that seen with complete tears of the biceps brachii tendon, with an intact lacertus fibrosis at the elbow. The lack of retraction can make clinical differentiation of partial tears from complete tears more difficult, which results in a need for imaging. Alternatively, tears proximal to the ICT may result in tendon recoil into the calf [7, 8] . Limiting tendon retraction may assist in natural tissue healing, because the disrupted ends remain relatively well approximated to each other. The ICT, however, is not typically visualized with routine MRI, and, therefore, the master knot of Henry is a more useful imaging landmark when dealing with FHL rupture.
Because of its quick and inexpensive nature, ultrasound imaging may be used as a first choice in assessing many ankle tendon injuries [7, 11] . On transverse ultrasound, tendons normally appear as well-demarcated, rounded bodies, with small hyperechoic dots typical of the internal structure [11] . A torn tendon shows a loss of continuity, with a heterogeneous appearance replacing the normal fibrillar tendon structure. Tenosynovitis is often apparent with hypoechoic-to-anechoic fluid collections that surround the tendon and invade the disrupted segments [11] . In the case of the FHL tendon, its deep location and changes in direction make it difficult to evaluate with ultrasound [11] . For this reason, ultrasound is often considered insufficient for diagnosis, and MRI is recommended, because it best shows the smaller anatomical details that pertain to the tendon's intricate anatomy [3, 11] .
Traumatic muscle and tendon injuries are commonly and expertly imaged with MRI [7] . When dealing with distal injury of the FHL, coronal (short axis) images through the foot are key for optimal visualization. When severe rupture occurs, there is a loss of continuity of the tendon fibers. Abrupt decreases in tendon calibre are indicative of attenuation in partial tear [7] . Although a complete loss of continuity suggests a grade 3 tear, it may be difficult to distinguish from a severe grade 2 tear, particularly if retraction is minimal, as in the case of an FHL tear distal to the ICT.
Generally speaking, hyperintense fluid in the synovial sheath that is disproportionate to a normal quantity of tenosynovial joint fluid provides the best indication of tendon pathology on MRI [1] . Greater acuity injuries may display high signal intensity on T2-weighted images, which suggests fluid infiltration of the ruptured segment [7] . If scar tissue begins to fill the gap, where the tendon is torn, then low signal intensity is observed and surrounding fat planes are obliterated, which results in an image that may mimic an intact tendon [7] . Coupled with additional efforts to locate the ends of the torn tendon segments, measure the resultant gap and determine the degree of retraction, MRIs can assist in the selection of surgical or conservative treatment and further prognosticate the success of any intervention. Because closed tendon rupture is not a clean cut, signs of tendon tear on MRI are typically superimposed on an underlying tendinopathy [6, 7] . The resultant torn ends can be degenerate and unviable for direct repair, and imaging assessment may help decide if the tendon is amenable to primary repair or require further debridement [8] .
Conservative treatment of FHL rupture has had limited reports but with some success, which suggests that surgical repair of unretracted tendon segments is not absolutely necessary for a return to activities of daily living [8] .
However, it appears that surgery has become part of conventional treatment, especially for those patients who seek a return to a high-level activity [4, 12] . Whether or not operative treatment is actually effective in restoring complete function to the IP joint is still controversial and, like conservative treatment, has had variable success [3, 5, 6] . Instead, surgery is usually used for pain relief, with timely intervention boosting results [3, 12] .
Surgical treatment varies with the location and grade of injury. Generally, for distal tears, the surgery involves suturing of the tendon ends together, tenodesis of the FHL to the FDL if direct repair is not possible, and debridement as necessary [1, 8, 12] . A novel surgical treatment recommends the use of a tendon graft instead of conventional debridement and suture to best recover the function and strength of the hallux's IP joint [3] . However, even with the most meticulous surgery, it is not expected that complete function will be restored.
Injury to the FHL tendon distal to the master knot of Henry is relatively uncommon. However, being aware of this entity and the regional anatomy is important in the diagnostic workup of patients with suspected tendon rupture. Injury to the FHL tendon is functionally significant, because the tendon assists with the lift-off power for walking, running, and jumping [3] . As such, accurate imaging assessment can be critical for tailoring a treatment plan to the patient's level of activity.
